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The Columbia Accident Investigation Board (CAIB) concluded that the cause of the tragic 
loss of the Space Shuttle Columbia and its crew was a breach in the thermal protection system 
on the leading edge of the left wing. The breach was initiated by a piece of insulating foam 
that separated from the left bipod ramp of the External Tank and struck the wing in the 
vicinity of the lower half of Reinforced Carbon-Carbon panel No. 8 at 81.9 seconds after 
launch. The CAIB conclusion has spawned numerous studies to identify the cause of and 
factors influencing foam shedding and foam debris liberation from the External Tank during 
ascent. 

The symposium on the Thermo-mechanics and Fracture of Space Shuttle External Tank 
Spray-On Foam Insulation is a collection of presentations that discuss the physics and me- 
chanics of the ET SOFI with the objective of improving analytical and numerical methods 
for predicting foam thermo-mechanical and fracture behavior. This keynote presentation sets 
the stage for the presentations contained in this symposium by introducing the audience to 
the various types of SOFI applications on the Shuttle’s External Tank and by discussing the 
various mechanisms that are believed to be the cause of foam shedding during the Shuttle’s 
ascent to space. 
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The Columbia Accident Investigation Board (CAIB) found that . . 

“the cause of the loss of Columbia and its crew was a breach in the Thermal Protection 
System on the leading edge of the left wing. The breach was initiated by a piece of insulating 
foam that separated from the left bipod ramp of the External Tank and struck the wing in the 
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EXTERNAL TANK STRUCTURAL LAYOUT 
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INTERTANK STRUCTURE 
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Thermal Protection System Overview 
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External Tank Spray-On Foam Insulation (SOFI) 
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Bipod Fitting and 
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Protrusion Air Load (PAL) Ramp 
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Intertank Flange 
TPS Closeouts 
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Typical Flight Loads on ET Foam Applications 
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Expected Foam Temperature Profile 
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Foam Microstructure 
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Local Material Directions and Knitlines 



Glenn Research Center at Lewis Field 


Knitline direction and local material directions 
vary with position within the foam applications 



Glenn Research Center at Lewis Field 




Types of Significant Foam Defects 
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How Spray Defects Can Lead to Divoting 
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Popcoming 
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• Internal discontinuities, with a path to the surface, can pull 
nitrogen or air into the foam through a process of densification. 
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Sub-layer Cracking , Crack Propagation and 
Subsequent Delamination from Substrate 
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Redesigned the Bipod Closeout and Fitting 
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Improved Spray Techniques (Tighter Specs) to minimize 
occurrence and severity of foam defects and voids. 
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Removed the LOx and LH 2 PAL ramps 
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Space Shuttle Flight Safety Certification is Based on 
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Improving Fracture Mechanics Analysis Methods for Foam 
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